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reference to the dissociation effect (Rejeski, 1985) , wherein music delays the onset of fatigue 67 and allows individuals to increase work output/duration before internal negative sensations 68 are perceived (Boutcher & Trenske, 1990) . That is, perceptions of effort and fatigue diminish 69 with the presence of music, thus participants are able to produce greater work output (e.g., 70
Elliott, Carr, & Savage, 2004) . 71
The aforementioned benefits are load-dependent to a degree, given that music does not 72 appear to moderate perceptions of effort at high exercise intensities (> 75% maximal heart 73 rate reserve [HRRmax] ; e.g., Karageorghis role of lyrics in the sport and exercise performance-relationship is warranted given both the 96 widespread use of music in applied and research settings as well as the fact that lyrical music 97 is often used in preference to instrumental music (Priest & Karageorghis, 2008) . 98
The lyrical content of music is known to influence people's behaviour (see North & 99 Hargreaves, 2008 for a review). For example, Jacob, Guéguen, and Boulbry (2010) found that 100 listening to prosocial song lyrics during the eating (lunch and dinner) period in a restaurant 101 increased patrons' tipping behaviours, in terms of both the proportion of customers leaving a 102 tip and the amount of money they gave per tip. Greitemeyer (2009) showed that exposure to 103 songs with prosocial lyrics fostered prosocial tendencies by increasing prosocial thoughts, 104 affect, and behaviour in different situations (e.g., empathy towards others in need, donationsM A N U S C R I P T
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Findings from the study of the effects of music with and without lyrics on mood and 107 emotions are equivocal. Stratton and Zalanowski (1994) found that the lyrics of a song had 108 greater capacity to alter mood than music without lyrics. More recently, Omar-Ali and 109
Peynircioğlu (2006) asked participants to rate the intensity of four emotions (happy, sad, 110 calm, and angry) in instrumental music or in music with lyrics. The authors found that melody 111 had a stronger influence on emotion than lyrics. Nonetheless, in lyrical music, the lyrics 112 "carry" the melody which adds a level of complexity in assessing the influence of lyrics and 113 melody as singular phenomena. 114
Within the context of sport and exercise performance, lyrics may well relate to the task 115 demands of repetitive activity (e.g., the potentially powerful influence of general affirmations 116
[e.g., "Search for the hero inside yourself"]), task-specific verbal cues [e.g., "Keep on 117
running"], and positive self-statements [e.g., "I am the one and only"]). In particular, lyrical 118 content has been suggested to be the musical constituent that is most likely to promote a 119 dissociation effect and thus reduce perceptions of effort (see Crust & Clough, 2006) . Lyrics 120 have also been suggested to play a role in inducing optimal mood and emotional states 121 The purpose of the present study was to examine the role of lyrics with reference to a 123 range of psychological, psychophysical, and psychophysiological variables during 124 submaximal cycle ergometry. It was hypothesized that, at the same individualized workload, 125 cycling cadence would be significantly higher in the two music conditions (music with lyrics 126
[ML] and music with no lyrics [NL] ) when compared to a no-music control (NM), with the 127 ML condition eliciting the largest increase in cycle cadence (H 1 ); as is common in the 128 exercise science literature (e.g., Karageorghis et al., 2009 ) heart rate was used as a proxy for 129 physiological stress and was expected to increase equally across the three conditions 2. This questionnaire was designed to measure the motivational qualities of music for use in 149 an exercise environment. It is a single-factor, six-item instrument presented on a 7-point 150 Likert-scale anchored by 1 (strongly agree) and 7 (strongly disagree). For the purposes of the 151 study, participants were informed that the word "motivate" meant music that would "make 152 you want to exercise harder and/or longer in a cycling performance task". The mean Cronbach 153 alpha coefficient for the single factor reported by the authors was .89 (Karageorghis et al., M A N U S C R I P T
On the Role of Lyrics 8
Procedures. Participants were randomly assigned to one of two groups that were tasked 157 with assessing the motivational qualities of eight tracks containing lyrics (n = 27; 15 males 158 and 12 females; M age = 20.1 years, SD = 1.3 years) or the same tracks without lyrics (n = 22; 159 13 males and 9 females; M age = 19.7, SD = 1.0 years). The decision to use two independent 160 groups was taken to prevent any intra-individual comparison of the two versions of each 161 track, which were identical with the exception of the presence/absence of lyrics. Testing time 162
and room conditions were the same for both groups. Initially, all participants listened to the 163 same piece of calming instrumental music for 2 min as a baseline (62 bpm; Woodland 164
Wonder from the album Instrumental Sounds of Nature). They then listened to the given 165 music track for 90 s and rated that track using the BMRI-2; a process that was repeated for 166 each of the eight tracks. Music was delivered through a compact disc player (Bush Digital 167 Portable). Volume (loudness) was standardized for all music tracks at 70 dBA, which is 168 Mauchly's test was used to check the sphericity assumption and where this assumption was 177 violated, the corresponding F ratio was subjected to Greenhouse-Geisser adjustment. Partial 178 eta squared (η p 2 ) effect sizes were computed and, in accordance with Cohen (1988, pp. 184-179 185), η p 2 of .01-.03, .06-.09 and above .14 indicate a small, medium and large effect, 180 respectively.
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Results. Data screening of the BMRI-2 results revealed that there was one case that 182 exhibited multiple univariate outliers and this was deleted prior to further analysis. Overall, 183 the BMRI-2 data did not meet the normality assumption owing to substantial positive 184 standard skewness (standard skew. > 3.29) and positive standard kurtosis (standard kurt. > 185 3.29) in five cells of the analysis; therefore, a logarithmic transformation-suitable for this 186 type of nonnormality-was applied to normalize these data (see Tabachnick Accordingly, these two tracks were selected for use in Stage 2 (see Table 1 Prior to commencing the test, participants were instructed in how to respond to the RPE 228 scale (Borg, 1998, pp. 43-52). Linear regression was subsequently used to calculate the 229 power output for each participant, which corresponded to 75% of their maximum heart rateM A N U S C R I P T
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On the Role of Lyrics 11 exercising workload during the experimental and control trials. This workload was selected 232 on the basis of previous training studies that have used heart rate as a method by which to 233 control exercise intensity (e.g., Kaikkonen, Yrjämä, Siljander, Byman, Laukkanen, 2000), and 234 because the psychophysical effects of music are attenuated beyond this intensity (see Rejeski, 235 1985; Tenenbaum, 2001) . 236
Experimental exercise trials. The experimental conditions, which were administered 237 on different days separated by at least a day's rest and presented in counterbalanced order, 238 comprised music with lyrics (ML), the same piece without lyrics (i.e., an instrumental piece; 239 NL) and a no-music control (NM). Each condition consisted of a 3-min warm-up at 50 W 240 followed by a 6-min exercise bout at the pre-established workload for each participant. The 241 cycle ergometer was set in order that workload remained constant throughout each 6-min trial, 242 independent of the cycling cadence selected by the participant. Measures of RPM, HR, and 243 RPE were monitored and recorded every 2 min during each trial, with RPM obscured from 244 the participant's view to discourage engagement in any goal-setting strategies during testing. 245
Music was delivered through in-ear phones (iPod) connected to a compact disc player (same 246 as above). Volume p < .001, η p 2 = .55, with pairwise comparisons revealing that PA increased from pre-to post-296 task while NA decreased (p < .001; see Table 2) . 297
There was no condition main effect for RPE and HR, Pillai's Trace = .15, F(4, 96) = 298 1.98, p = .104, η p 2 = .08, although there was a main effect for time, Pillai's Trace = .74, F(4, 299 96) = 14.11, p < .001, η p 2 = .37, associated with a large effect size. Stepdown F tests indicated 300 differences for RPE, F(1.13, 27.12) = 39.41, p < .001, η p 2 = .62, and HR, F(1.15, 27.62) = 301 56.78, p < .001, η p 2 = .70, with pairwise comparisons revealing that both RPE and HR 302 increased in a linear manner throughout the duration of the task (p < .001; see Table 3 ).
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The present study examined the role of the musical constituent of lyrics with reference 305 to a range of psychological, psychophysical, and physiological variables during submaximal 306 cycle ergometry. Two main findings emerged: First, musical accompaniment per se resulted 307 in a higher cycling cadence and this was manifest without any corresponding increase in 308 perceived effort or heart rate. The condition with lyrics elicited a higher cadence (RPM) than 309 the condition without only at min 6, therefore H 1 , stating that RPM would be significantly 310 higher in the two music conditions, is partially supported. Second, the inclusion of lyrics had 311 no bearing on the remaining psychological (affect), psychophysical (RPE), and physiological 312 (HR) variables. Therefore H 2 , stating that HR was expected to increase equally across the 313 three conditions throughout the task, is accepted, while H 3 , stating that RPE would be lower 314 in the two music conditions, and H 4 , stating that positive affect would increase and negative 315 affect decrease from pre-to post-test in all three conditions (with distinct trends to be 316 there is a necessity for neurophysiological investigation of the influence of lyrics and vocal 381 delivery within exercise and sport settings. Such research might cast light on the mechanisms 382 and neural circuits that underlie how these aspects of music influence affective and 383 performance-related outcomes (e.g., exercise endurance). 384
Limitations and Recommendations 385
Music selection in the present study was conducted at rest whereas experimental testing 386 required participants to perform a submaximal exercise task. In the field of sport and exercise 387 sciences, it is common for music selected to be conducted while participants are at rest. The 388 approach in our domain mirrors that in mainstream psychology wherein studies of the 389 influence of lyrics have generally been conducted with participants in a restful state (e.g., in a 390 restaurant setting; see Jacob et al., 2010). Nevertheless, given the specifics of the sport and 391 exercise domain, researchers in this field might consider conducting music selection under 392 conditions that mirror the modalities and intensities of the activity that will be used in 393 subsequent experimental trials (e.g., cycling at a high intensity or running at a moderate 394 intensity). Currently, the BMRI and its derivatives require respondents to rate a given piece of 395 music with an exercise task in mind, rather than while actually performing that task. In the present study, the experimental manipulation that we employed entailed using 410 instrumental versions of tracks that were commonly heard with lyrics. Given that the 411 composers of these tracks had conceived them with the presence of lyrics, we do not know 412 how participants would respond to music that had been composed to be purely instrumental in 413 nature; such music uses the meshing of instrumental sounds to elicit an emotional response in 414 the listener. Past research that has examined music, emotions, and lyrics has shown that 415 interpretation of the lyrics (e.g., the truthfulness of the words, the message of the lyrics) 416 influences the overall emotional experience of music (see e.g., Juslin, 2009 for a review). 417
In addition, neither the meaning of the lyrics nor how participants interpreted them was 418 considered in the present study. The songwriters' intended meaning compared against the 419 typically diverse interpretation of listeners indicates that future researchers might consider 420 both the lyrical content of tracks and individual interpretations (Priest & Karageorghis, 2008) . 421
Researchers should also account for the possibility of lyrics being heard via auditory imagery 422 during a no-lyrics condition; the selected songs in the present study were top 10 hits in the 423 UK charts and thus generally well known. Both of the aforementioned limitations could be 424 assuaged through the use of music that was previously unfamiliar to participants. M A N U S C R I P T
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On the Role of Lyrics 29 • Psychological, psychophysical, and physiological variables included.
• Musical accompaniment enhanced cycling cadence during submaximal cycle ergometry.
• The inclusion of lyrics enhanced cycling cadence towards the end of the task.
• Inclusion of lyrics had no effect on affect, perceived exertion, or heart rate.
